A real world entity is unique but it can have several representations, due to various interests or perspectives, that we cannot conceive using classical ontological languages. We are interested in the problem of multi-representation in ontologies. We believe that the most appropriate way is to use viewpoint notion in order to build ontologies called 'multi-viewpoints ontologies'. In this paper, we introduce the notion of composite concept in a multi-viewpoint ontological model based on description logic (DL) formalism. Composite concepts are compositions of others concepts. The use of viewpoint notion in the representation of a composite concept entails consequences on the decomposition of the latter. In fact, two observers looking at the same concept can see two different sets of components, giving rise to multiple decompositions. So, our goal is to propose an ontological language, named VpCo-DL, which extend DL language, to support multi-viewpoints representation of composite concepts and their components. Both syntax and semantics of the extended language are considered. Illustrative examples are given.
Introduction
Concepts and relations are the foundation of knowledge and thought. When we look at the world, we perceive not a mass of colours but objects to which we automatically assign category labels. Our perceptual system automatically segments the world into concepts and categories 1 . While concepts are the building blocks of knowledge, relations act as the cement that links up concepts into knowledge structures (Khoo and Na, 2006) .
Ontology is a conceptual representation of a universe of discourse, allowing the actors (human and software) to share knowledge. It provides a way of expressing the meaning of concepts by organising them hierarchically and defining their properties in a formal knowledge representation language. Two kinds of hierarchical relations between concepts should be distinguished: hyponymy (sub-type relation) and meronymy (partOf relation). While hyponymy structures hierarchical concepts according to logical aspects, meronymy reflects a physical point of view. Concepts are subdivided according to their components; a hierarchical structure exists between a concept representing wholeness as upper class and concepts representing parts of it as lower classes.
Since there are generally several ways of apprehending knowledge of a domain, the representation of ontologies is therefore not an easy task. This is due primarily to the difficulty of finding consensus definitions of concepts in a domain satisfying the definition of each user, which reflect his viewpoint on the domain. The difficulty of representing ontologies is mainly related to the existence of several user communities who can be interested in the same domain but with different viewpoints. These communities evolving in a multidisciplinary environment coexist and collaborate among themselves. Each community has its own interests and perceives differently the conceptual entities of the same universe of discourse.
In this work, we are interested in the problem of representing ontology in heterogeneous organisation by taking into account different viewpoints and different terminologies of various users, groups or even communities in the organisation. Such ontology, that we call multi-viewpoints ontology (Hemam and Boufaida, 2011) , is used to group different possible conceptualisations of the domain modelled according to different perspectives in a single ontology. For defining multi-viewpoints ontology, we were inspired by works that deal with viewpoint notion in the area of knowledge representation (Mariño, 1993; Benslimane et al., 2006) . For this, we use a sub-language of the description logics (DLs) SHOIQ (Baader et al., 2007) to express notions inherent to viewpoints such as global and local concepts, bridges, stamps, etc.
Our aim, in this paper, is to introduce the notion of composite concept in a multi-viewpoint ontological model based on the formal framework of DLs. Composite concepts are build from others component concepts. The use of viewpoint notion in the representation of a composite concept entails consequences on the decomposition of the latter. In fact the decomposition into parts of a concept is not always unique; two observers looking at the same concept can see two different sets of components, giving rise to multiple decompositions. So, to achieve our goal we create VpCo-DL as extension of the DL SHOIQ, with new constructs for handling composite concepts representation according to multiple viewpoints. Based on VpCo-DL, we extend existing web ontology language (OWL) by introducing some new classes and data/object properties supporting multi-viewpoints representation of composite concepts and their components; we call our extension VpCo-OWL.
The remainder of this paper is organised as follows. In Section 2, we first briefly recall basic definitions of DLs and formally introduce the language SHOIQ. Section 3 discusses an overview of composite concepts, and existing work on composite concept representation. Section 4 provides an overview of the multi-viewpoints approach. So we present our approach in Section 5 and apply it on an example. We present in Section 6 the VpCo-OWL. Section 7 concludes this paper and talks about further work.
The DLs SHOIQ
DLs (Baader et al., 2007 ) is a designation for a family of knowledge representation languages that are widely used in ontological modelling. An important practical reason for this is that they provide one of the main underpinnings for the OWL as standardised by the W3C. The word logic in this designation attempts to convey that DLs are defined based on logic formalism, with a model-theoretic semantics.
The basic modelling elements in DLs are concepts (classes of objects), roles (binary relations between objects) and individuals (named objects). Based on these modelling elements, DLs contain constructors 2 for specifying so-called concept expressions that can be used to specify necessary and sufficient conditions for membership in the concept they describe. Basic reasoning tasks associated with these kinds of logics are checking whether an expression is satisfiable (whether it is possible that an object satisfies the membership condition) and deciding subsumption between two concepts (deciding whether a concept expression implies another one). We now look at these issues on a more formal level.
Let C and R be countably infinite and disjoint sets of concept names and role names, respectively. Further let there be a set R + ⊆ R of transitive roles (i.e., for each r ∈ R + we have r(x, y) ∧ r(y, z) ⇒ r(x, z)).
If now r − denotes the inverse of a role (i.e., r(x, y)) ⇒ r − (y, x)) then we define the set of roles as R ∪ {r − |r ∈ R}. Concept expressions are now formed by applying special operators to concept and role names. In particular, new concept expressions can be formed from existing ones using the Boolean operators or by imposing constraints on the type and number of objects related to objects of the described concept. Formally, the set of concepts (or concept expressions) in the DL SHOIQ is the smallest set such that:
• and ⊥ are concept expressions for the most general concept and the unsatisfiable concept, respectively
• every concept name A is a concept expression
• if C and D are concept expressions, r is a role name and n is a non-negative integer, then ¬C, C D, C D, ∃r.C, ∀r.C, (≥ n r.C) and (≤ n r.C) are concept expressions.
For instance, using the concept names person, female and mother and a role name has child, one can describe in SHOIQ that mothers are female persons having at least one child using the axiom:
Mother Person Female has-child. ≡ ∃
Composite concepts
Complex concepts are concepts for which the properties defining the concept can have values of a complex type (i.e., different from the basic types Boolean, integer and string).
For instance a bag has as one of the defining properties the attribute colours. The value of colours is then usually a set of colours. Composite concepts are complex concepts that are conceptualised as a hierarchy of concepts such that the hierarchical links represent the part-whole relation. If one gets a composite concepts design that components concepts which themselves composite concepts, then one gets a two-level composition hierarchy. This could be repeated to several levels of composition hierarchy. An intuitive example of composition is the relationship between a university and its departments. The university can be considered as the whole and the departments would be the parts that belong to the university.
Many ontological and cognitive aspects of the part-whole relation have been discussed (e.g., Artale et al., 1996; Odell et al., 1998; Shanks et al., 2004; Varzi et al., 2007; Winston et al., 1987) and proposals to include this relation to conceptual modelling and knowledge representation languages have been suggested, such as Barbier et al. (2003) and Guizzardi (2005) for UML, Shanks et al. (2004) for entity-relationship model, Keet (2006) for object-role modelling and Bittner and Donnelly (2005) , Lambrix and Padgham (2000) , Sattler (1995) and Schulz et al. (2000) for DLs.
In the cognitive science area work has been done in exploring different types of part-whole relations. In Iris et al. (1988) the authors studied the way people usually speak about. They divide the spectrum of the relation into four different types. In the functional component type, the part contributes to the composition, not only as a structural unit, but also as an essential unit to the purposeful activity of the composition. An example is the bike/wheels relations. The segmented whole type is exemplified by a pie and its pieces. This partOf conception implies some kind of separability of the components from the composition and also the composition should exist before the components do. The two other types are the relations which are exemplified by the membership relation between a collection and its members and the relationship between a set and its subsets.
Another classification of part-whole relations is provided in Odell et al. (1998) where six different types of part-whole relations are identified: the component-composite relation (e.g., pedal-bike), the member-collection relation (e.g., ship-fleet), the portion-mass relation (e.g., slice-pie), the stuff-object relation (e.g., steel-car), the feature-activity relation (e.g., paying-shopping) and the place-area relation (e.g., Brussels-Belgium). The different types of partOf relation differ from each other with respect to three properties: functionality of the component in the composition, separability of the components from the composition and whether the composition and component are of the same kind.
PartOf relation in knowledge representation
Semantic relations are meaningful associations between two or more concepts, entities or sets of entities. They can be viewed as directional links between the concepts/entities that participate in the relation. The 'classical' semantic relations used in knowledge representation are synonymy, hierarchy and the unspecific association relation (Khoo and Na, 2006) . Ontologies may define more specific relations. Still, the core semantic relation of every knowledge organisation system is hierarchy. There are two kinds of hierarchic relations, which should be distinguished: generalisation (is-a) and partitive (partOf) (Winston et al., 1987; Artale et al., 1996; Iris et al., 1988) relations.
According to the theory of mereology, there are three properties that any partOf relation has to satisfy, to be called a parthood relation: 1 reflexivity 2 transitivity 3 antisymmetry.
( )
With these three basic formulas that take partOf as primitive relation (i.e., it does not have a definition), several other mereological predicates can be built. A common one is the definition of proper part as (4), from which asymmetry, and irreflexivity follows; thus, x is not part of itself, if x is part of y then y is not part of x, and if x is part of y and y part of z then x is part of z.
In the framework of DLs, the first serious attempts to formalise partOf relations consider the partOf relation as a transitive relation obtained by means of a transitive closure operator applied to a basic primitive direct part-whole relation (Sattler, 1995) . For example, if the has-part role (in symbols, ) is modelled as the transitive closure of a primitive direct part relation (in symbols, d ), we can describe a car by saying that it has wheels which in turn have tires as their parts:
Then, the fact that tires are also parts of cars semantically follows: Car ∃ .Tire. The complexity of satisfiability and subsumption for the DL ALC with a transitive closure operator has been shown to be EXPTIME-complete (Baader et al., 2007) .
Sometimes, one would like to define parts from wholes or conversely wholes from parts. Thus, the inverse role of the has-part role is needed: ≡ -. This can be captured by the DL SI; satisfiability and subsumption for SI is again EXPTIME-complete.
More generally, it is useful to differentiate among several different part names: while modelling composite individuals it seems natural to give specific names to attributes denoting parts (Artale et al., 1996) . In the domain of artefacts, we can consider for example the individual car1 of type Car. A first modelling choice amount to saying that it has a part which is a wheel:
On the other hand, a second modelling choice can make use of the attribute HASWHEEL:
In this latter case, we have the hidden assumption that HAS-WHEEL is a kind of part attribute:
.HAS-WHEEL( , ) .
In Keet and Artale (2008) authors showed that with the DL SHOQ, it is possible to include more aspects of the partOf relation. These are: transitive roles (that is, permit R + ⊆ R), inverse roles to have both partOf and has-part, role hierarchies to include subtypes of the partOf relation, and number restrictions to model the amount of parts that go in the whole.
Multi-viewpoints approach
For a given domain of knowledge, several criteria can be used to observe an object. These different perceptions of the world are called viewpoints or perspectives. In computer science, most of data modelling systems do not deal with the variety of perceptions related to the same universe of discourse and develop tools to create a single model for a single vision of the observed world. The viewpoint approach is opposed to this monolithic approach and makes it possible to model the same reality according to different points of view. Several interpretations of viewpoint notion are possible. One of the first references to viewpoints was proposed by Minsky (1975) : viewpoints correspond to different perceptions of an object with respect to observer's position. The second interpretation is a knowledge domain one: viewpoints correspond to the different ways to translate knowledge with respect to the social position, know-how and competence of an expert. In this interpretation, a viewpoint includes context, and the perception of a person or group of persons. Examples of systems that implement viewpoint in the area of knowledge representations are Boufaida (2011), Bobrow and Winograd (1977) , Davis (1987) , Djezzar and Boufaida (2015) and Ribière and Dieng (1997) . Several terms have been assigned to this notion such as perspectives (Sciore, 1989) , dimensions (Gergatsoulis et al., 2001) , and viewpoints (Hemam and Boufaida, 2011; Djezzar and Boufaida, 2015; Djezzar et al., 2012) .
The viewpoint mechanism has been integrated into various contexts and used to solve different problems. In the following, we identify the main objectives in integrating viewpoints into computer systems. Note that there is no single use of this concept that includes all of these objectives.
• The viewpoint as a means of providing multiple descriptions of an entity: the viewpoint concept seems to naturally result from the multiple views of objects of a specific study. As a matter of fact, a real world entity can have many behavioural contexts and many states from which the notion of multiple descriptions has been derived. In this case it is defined as the fact of conferring several partial descriptions to the same universe of discourse each of which describes it in a given viewpoint.
• The viewpoint as a means of mastering system complexity: several research works are based on the viewpoint concept with the principal objective of explicitly taking into account the complexity of the system. The result of the study is then held by dividing it into partial descriptions according to different and complementary aspects.
• The viewpoint as an approach for the modelling and distributed development of systems: many authors state that the modelling of complex systems cannot be handled with the same techniques as used for simple systems. Different works suggest a distributed development approach based on viewpoint notion. Hence, every development process can be represented by correlated viewpoints.
Viewpoint and ontology
In a previous research works (Hemam and Boufaida, 2011; Djezzar et al., 2012) , we have investigated the problem of representing a domain ontology by taking into account the notion of a viewpoint. This type of ontology, that we call multi-viewpoints ontology, is a multiple description of the same universe of discourse according to various viewpoints. It is defined as a four-tuple of the form O = (C G , R G , Vp, M), where: C G a set of global concepts, R G a set of global roles, Vp a set of viewpoints, and M a set of bridge rules. In addition, a viewpoint is a partial description of a universe of discourse within a particular perception. A viewpoint is defined by a triple
, where: C L a set of local concepts, P L a set of local roles, and A L a set of local individuals. In the following, we give some fundamental definitions:
• Global concept models a generic family of the real world and groups a set of individuals. Each global concept can be described according to different viewpoints.
• Local concept is a concept that is seen and described locally according to a particular viewpoint.
• Global role is a relationship between two local concepts defined in two different perspectives.
• Local role is a relationship between two local concepts defined in the same viewpoints.
• Bridge rule represents consensual relationships between two local concepts or two local roles represented in two different viewpoints.
• Under a particular viewpoint, a particular individual is attached to only one local concept. This was motivated by the argument that an individual belonging to two unrelated local concept is so under different viewpoints. This organisation is very useful since, from a particular viewpoint, one can classify an individual with regard only to the relevant properties. As a consequence, the set of concepts to be considered is small, while considering the whole lattice of possible structures would confuse the user (Djezzar et al., 2012) .
In the framework of this current work, we propose an approach, based on DLs formalism, to represent a composite concept under several viewpoints. A composite concept can have different decompositions in different viewpoints. These decompositions are described locally. Different decompositions of a concept can be completely independent and do not share any component or they may have common components. In addition, a component can be composed by other concepts, which gives rise to a nested decomposition. To make correct inferences on a nested decomposition, the semantics of the composition relationship must be the same in all levels of decomposition.
The proposed approach
In this section we introduce a viewpoint and partOf extensions of the DL, creating VpCo-DL. Basic notions, syntax and semantics of principal new constructs, introduced in DLs, are described. We conclude this section by a simple modelling example.
Basic notions
For our requirements of multi-viewpoints composite concepts representation, we introduce in DLs the following notions:
1 Global composite concept: is used to represent a concept or entity of the real word which is observed from two or several viewpoints, at the same time, with basic and common properties. In addition, under a given point of view, it can be described by one or more relationships of type components.
2 Component concept: is a concept of the universe of discourse which describes a part of a complex concept, the composite concept, according to one or more viewpoints. Two types of components concepts can be distinguished:
• Primitive component: it is a basic component. Its description does not contain other components.
• Composite component: its description is formed by other components. These components can be either primitive or composite also.
It should be noted that the same component concept can be present in different decompositions of different points of view. For example, in the human anatomy, with a topographic point of view, the heart is part of the thorax, with a systematic viewpoint; it is part of the vascular.
3 Local composite concept: is a composite concept which is viewed and described locally according to a given point of view.
4 Composition relationship: is a binary relationship allowing to link the composite concept to its component. It can be mono or multi-valued. In the latter case, cardinality is associated with the composition link for defining the minimum and maximum number of components.
5 Bridge rule: viewpoints are not totally disconnected. Bridges are semantic relationships which link local composite concepts under pairwise disjoint viewpoints (called source) to a local composite concept in yet another viewpoint (called destination).
6 Stamps: we adapt the stamping mechanism used in Benslimane et al. (2006) to allow multiple representations of concepts. In our approach, stamps (i.e., labels) permits each ontological element (i.e., concepts, parts, individuals) to be known by the viewpoint that it belong to.
7 Hierarchy of local composite concepts: under a point of view local composite concepts are considered to be linked by the subsumption link (i.e., specialisation relationship). The latter, allows organising them into a local hierarchy. In addition, a local composite concept can be specialised in two ways, by specialisation of existing components or by adding new components.
8 Composite individual: is an individual, belonging to a global composite concept, having properties for which the value is an individual of a component concept. Composite individual augment the semantic integrity of an individual thought the notion of dependent and exclusive individual. A dependent individual is one whose existence depends another individual which it is a component. In addition, an exclusive individual is one which is part of exactly one composite individual.
9 Multi-Instantiation: the multiple instantiation mechanism used to now permits an individual to belong to more then one local concept according to different viewpoints. In the context of our work a composite individual is an instance of a global composite concept and instance of one or several local composite concepts defined in one or several viewpoints respectively. Thus, an individual has a basic description (i.e., global description) and may be described according to different viewpoints by different decompositions.
Syntax
The language that we use is defined as follows:
Definition 1 (syntax of global composite concept and composite component concept).
Let S = {vp 1 ,…,vp k ,…,vp m } be a set of viewpoint names. A global composite concept and composite component concept, denoted by ô W and P* respectively, can be formed by using the classical Boolean constructs (conjunction, disjunction) and the global restriction constructs (see Table 1 ). 
Definition 2 (syntax of local composite concepts). Let vp i ∈ S.
A local composite concept, noted vp i :C, can be defined according to the following syntax: 
where S is the more general local composite concept defined in the viewpoint VP i and ô W is a global composite concept.
Definition 4 (syntax of bridge rules)
. Two types of bridges are possible: unidirectional and bi-directional. Bi-directional bridges represent set equality and set exclusion relations; while unidirectional ones represent set inclusion relation. A bridge rule is a statement of one of the four following forms:
Means that an individual which is an instance of the source composite concept X under the VPi is also an instance of the target composite concept Y under the VPj.
Means that an individual which is an instance of each of the source composite concepts under disjoint viewpoints is also an instance of the target composite concept.
:
Means that the sets of possible extensions of the two local composite concepts under different viewpoints are equal.
Means that the composite concept X and the composite concept Y are incompatible.
Definition 5 (syntax of local composite individual).
A local composite individual is an instance of a local composite concept defined under a given viewpoint. Each local composite individual can be described according to the two following forms:
where part-name is a composition relationship name, C is a local composite concept and D a component concept defined in the viewpoint vp i , a and b are two individual names respectively denote instances of C and D.
Semantics
The semantics of the extend language is given by a global interpretation I G and a family of local interpretations I pv = {I 1 ,…,I k ,…,I m }. I a local interpretation function. The latter, is defined in the standard way for DLs, but extended to deal also with part names. 
Definition 6 (local interpretations). For each viewpoint VP

Definition 7 (global interpretation). A global interpretation
Definition 8 (semantics of new constructors). Let N
L be the set of local part names, C L be the set of local concepts and R L the set of local role names. Then
For convenience we write x n y for 〈x, y〉 ∈ k I n where n ∈ N L . We have a standard semantics for that part of our language which is common to most DLs. We give the semantics only for the new constructors: Definition 10 (satisfiability of bridge rules). The domain relation r ij satisfies a bridge rule w.r.t., I i and I j in symbols 〈I i , r ij , I j 〉|=br, according with the following definition:
: , if and
Global and local reasoning
Local reasoning services in VpCo-DL are the standard DL reasoning services, performed in a particular viewpoint, without taking into account the bridge rules. A global reasoning service uses bridge rules to infer statements in a viewpoint using knowledge from the other viewpoints.
The computation of the subsumption uses the principle of subsumption propagation which, in its simplest form, can be expressed as: 
I I
In other words, it is possible to deduce an individual is an instance of a local concept in a viewpoint being based on the instantiation in another viewpoint and on the bridge rules.
Simple modelling example
To illustrate the different notions involved in the multi-viewpoints representation of composite concepts and their components, we use a simple modelling example on the domain of automobiles. In this example, three viewpoints are considered: mechanical (describing a car as a machine), physical (external aspects of the car) and use (type of transport), respectively designated by vp 1 , vp 2 and vp 3 . In addition, the global level is simplified to a unique global composite concept automobile (Table 2) . Table 2 Multi-viewpoints ontological representation of the composite concept automobile
Global composite concept
Automobile ô = (∀ vp1,vp2,vp3 Identification.String) (= vp1,vp2,vp3 
Viewpoint and partOf extension of OWL
Once we have defined multi-viewpoints composite concepts representation and after to have showed how to extend DL, the next step is to define VpCo-OWL, an extension of OWL suitable to model an entity as a whole linked to its parts, according to different viewpoints. Before presenting the proposed VpCo-OWL, it is useful to recall some aspects of OWL.
OWL
The W3C OWL is a semantic web language designed to represent rich and complex knowledge about things, groups of things, and relations between things. OWL is a computational logic-based language such that knowledge expressed in OWL can be reasoned with by computer programs either to verify the consistency of that knowledge or to make implicit knowledge explicit. An OWL ontology contains descriptions of classes (or concepts in DL terminology), properties (roles in DL terminology) and individuals. There are two types of properties: object properties (properties for which the value is an individual) and data type properties (properties for which the value is a data literal).
The most widely used OWL editor is Protege 3
, a free open-source editing framework developed at Stanford University. By virtue of its open plug-in structure, it allows for the easy integration of special-purpose ontology editing components.
VpCo-OWL
VpCo-OWL is an upper ontology (i.e., an ontology which describes very general concepts that are the same across all domains). It consists of a set of classes, subclasses and data/object properties that collectively form a framework for building multi-viewpoint ontological representation of composite concepts. The first step towards a multi-viewpoint ontological representation of composite concepts, in compliance with our definition, is to import into any OWL editor (e.g., Protege) an OWL file containing the VpCo-OWL classes, subclasses, and properties (Table 3) . After importing the VpCo-OWL definitions, the next step is to construct domain-specific concepts, using the VpCo-OWL definitions to represent global/local composite concepts, component concepts and their part-whole relationships.
Note that, the aforementioned VPCO constructs are all specialisations of their OWL counterparts. Figure 1 shows the subclass relationships between the main elements of VpCo-OWL and OWL. The vpco:hasPart element is modelled as a sub-class of owl:ObjectProperty whose range is the element vpco:Component. The relevant properties for vpco:hasPart are the viewpoint under which the composition relationship is defined, the minimum and maximum cardinalities that are taken into account through the properties vpco: onViewpoint, vpco:hasPartMinCard and vpco:hasPartMaxCard, respectively.
In VpCo-OWL, a local composite concept is defined as an instance of class 'LocalComposite' with an object property 'underViewpoint'. The latter, allows to specify the viewpoint under which the local composite concept is defined.
For example, the following VpCo-OWL syntax allows to express a composition relationship, named haswheel. The latter allows to link, under the Physical viewpoint, the global composite concept Automobile to its component concept Wheel: 
Conclusions
In this paper we have presented a multi-viewpoints approach for representing partOf in DLs. In this approach the DL formalism has been extended with special constructs and mechanisms to allow multi-viewpoints ontological representation of a family of composite individuals called global composite concept. The latter, can have different decompositions in different viewpoints. Under a viewpoint, global composite concept can be structured in taxonomy that corresponds to the hierarchy of local composite concepts. Bridges in the structure allow to build an inclusion, exclusion or equivalence relation between two or several local composite concepts pertaining to different viewpoints. Each local composite concept belongs to only one viewpoint. The mechanism of multi-instantiation enables to instantiate a composite individual with several local composite concepts.
As future work, we intend to extend the proposed approach to allow specification of possible, but not necessary parts. Another issue for future work is to allow for more complex query languages on top of the multi-viewpoints DLs.
